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(54) Thin film transistors 

(57) The specification describes source/drain con- 
tact material that is compatible with organic semicon- 
ductors in thin film transistor integrated circuits. The 
contact material is nickel/gold wherein the nickel is plat- 



ed as Ni-P on a base conductor, preferably TiN x , by elec- 
troless plating, and the gold overlay is deposited by dis- 
placement plating. It was found, unexpectedly, that 
forming Ni/Au contacts in this way extends the lifetime 
of TFT devices substantially. 
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Description 

Field Of The invention 

w -« — — — — ■ 

in TFT devices with organic semiconductors. 

Back ground Of The Invention 

[00 o 2] 0 Ver t h e laStd e C a d e,c r ^ 

Uysics Letters. Vol. 62 (16)4*. 1794-1796; H Fuch.gam, et al App hed Phy ^ ^ ^ pp 

1 1 27-1130. The devices described ,n ftesc ^erences ^^tStUedevelopedeariier.T^devicesaretyp.cal^ 
contrastwimtheamorphoussiltonandpo^ 

field effect transistors (FETs). Polymer actwe devices have «2™£™"Jbte wrth polymer substrates used widely for 
ofLpKc^fp^^ 

interconnect substrates. Polymer TFTs are ™™Z expansion so that so.der bonds, conducive 

printed circuit boards. They also have oompahbte coeffi laerts of t e P ct(jr , c/po|ymer interc onnect 

expoxy bonds, and other, interconnects expenence ^ are most Bkely t0 find widespread 

subsiL combinations. While n*"""**^ active materials are afco known. See 

FET that comprises a layer of p-type polythiophene or . n-type stan. ^ Mgy 

l0 004] Recentadvancesinpo.ymerbasedTFTdevicesare^ 
996, U.S. Patent No. 5,625,199, issued Apnl 29. ^^"^J^ described in these patents, complementary 



Summary Of The Invention 



oummoi y v ■ ■ 

,00061 Wehavefoundthateffect,e^ 

metallurgy systems in contactwith the organ.c ^^^S^Jl are processed in the conventional way 
have found that gold electrodes for contacts for organic semiconductor TFT de- 

result in premature device failure. in ^^tTcoZTZoma^ semiconductor TFT devices Is TWNI/Au 
vices are formed by displacement plating. *P reie "°*°~°^m and the gold layer is produced by displace- 
wherein the nickel layer (typically Ni-P) is produced by egoless a 9^ ^ ^ ^ ^ 

r ss ^k» 



times. 

[0007] Brief Descrip tion Of The Drawing 
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I7] Brief DescnpTion ut i ne 

so with the invention; 

Fig , 2 ,9areschematicrep— ^^^^ 
inverter circuit of Fig. 1; 

^.2,»^«..p1»»»W'^«-^ M * te '° , ~ a ^ 0,m ° W,n '' 0 ° 
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Detailed Description 

[0008] A processing sequence for making TFT CMOS devices with the electrodes of the Invention Is described as 
follows in conjunction with Figs. 1-19. The device used for Illustration Is a CMOS pair for the simple inverter circuit of 
5 in Fig. 1, where n-channel TFT is designated 11 and p-channel TFT is designated 12. The p-channel transistor may 
be used as driver for the n-channel load. 

[0009] The TFT device structure used for the process illustration is the upside-down configuration that is described 
and claimed in U.S. Patent Application Serial No. 09/1 37 t 920 filed 08/20/9B, which is incorporated herein by reference. 
This TFT structure offers several advantages. It can be made with simple processing. The deposition of the semicon- 

io ductor layer occurs late in the process thus avoiding hostile process conditions such as etchants, cleaning agents, 
high temperature, etc. Importantly, the upside down structure, as described here, has inherent electrical isolation be- 
tween devices in a CMOS pair as well as between pairs. Moreover, the structure allows interconnection layers to be 
formed prior to transistor formation, which feature has important advantages in some technologies. 
[001 0] Referring to Fig. 2, a portion of an IC substrate is shown at 21 . A single TFT CMOS pair will be illustrated for 

15 simplicity, but it will be understood that the single pair of devices is representative of a large integrated array of devices. 
Also, the features shown in the figures herein are not to scale. Substrate 21 is an insulating material such as ceramic, 
glass, or a polymer. It may be rigid or flexible, and it may comprise a standard printed circuit substrate of glass reinforced 
epoxy, or polyimide. Alternatively it may be silicon on which an insulating layer of Si0 2 is grown or deposited. The first 
level metal is shown at 22. In this Inverted structure this level Is referred to as the first level because It is formed first 

20 but, as will be appreciated by those skilled in the art, it corresponds to the second or third level metal in traditional 
structures. The metal may be any of a variety of conductive materials. The common choice in standard IC technology 
is aluminum. However, due to the nature of the structures described here the choice of conductive material can be 
made from a larger universe than is usually considered, including the standard materials, i.e. aluminum, TiPdAu, TiPtAu, 
TaN x , TiN K , Au, Ni, etc., as well as nontraditional choices most notably copper, and conductive polymers such as 

25 polyaniline and metal-containing polymer inks. The use of polymer conductors may be favored in applications where 
a degree of flexibility Is desired. The choice of deposition technique is wide since the structures at this stage In the 
processing, as contrasted with traditional IC processing at this stage, have no thermally sensitive components. Thus 
this deposition step, as well as subsequent deposition and etching steps used for forming the two level or multi-level 
metallization interconnections, may involve significant substrate heating if that is otherwise convenient and cost effec- 

30 tive. Accordingly, the metal layer can be evaporated, or sputtered. The thickness of the metal layer can vary widely, 
but will typically be in the range 0.05 to 2 p.m. . ' 

[0011] The next step, represented by Fig. 3, is to pattern the first level metallization using a lithographic mask 23. 
The mask is typically made by photolithography, but may also be formed using other forms of lithography. Other masking 
steps, to be described below, may also utilize these alternative lithography technologies. The first metal layer Is then 

35 patterned by standard etching, e.g. plasma or RIE etching, to produce the pattern of metal runners 24 as shown in Fig. 4. 
[0012] With a wide choice of conductive materials available, it may be useful, in applications where the interconnect 
density is not large, to print the circuit directly, using screen printing, stenciling, ink jet printing, or a similar technique. 
[001 3] With reference to Fig. 5, the first interlevel dielectric 25 is formed over the first level metal pattern as shown. 
The interlevel dielectrics in the structures according to the invention may be chosen from a variety of insulating materials 

40 such as spin on glass (SOG), or Si 3 N 4 or Si0 2 deposited by CVD for example. In the TFT structures described here, 
it is expected that the use of polymer materials whereverthey can be effective will be desirable, both from the standpoint 
of processing simplicity and cost, and also to produce IC structures that tolerate strain, I.e. are somewhat flexible. 
Accordingly, for such applications the use of polyimide or similar organic polymer insulating material is recommended. 
A suitable material is a polyimide supplied by Nissan Chemical Company under the designation RN-812. This material 

45 can easily be deposited in layers with 0.1 -1 u.m thickness, which have desirable insulating properties. The application 
technique for organic insulators is typically spin coating or solution casting. Some inorganic insulators, notably spin- 
on-glass, also share the property of convenient application. In some applications, e.g. where fine pattern dimensions 
are not required, the dielectric layer may be applied as a patterned layer, already containing the interlevel windows. 
[001 4] The second level metal, 29, is deposited over the first interlevel dielectric 25 as shown In Fig. 6. The second 

so level metal may be the same as, or may be different from, the first level metal. The second level metal is patterned in 
a manner similar to the first level using mask 31 to form runners 32 as shown in Figs. 7 and 8. 
[0015] The next step forms the second interlevel dielectric 33 as shown in Fig. 9. This layer may be formed in a 
manner similar to layer 25. Interlevel dielectric 33 is provided with through holes or windows for interlevel interconnec- 
tions between the first level (24) and the gate level to be formed next. The interlevel dielectric is masked with patterned 

55 mask 34 as shown in Fig. 10, and the portion of dielectric layer 33 exposed by the opening 35 in the resist is etched 
to form a window to interconnect the first and gate levels. The mask opening is aligned to metal runner 24 in the first 
level Interconnection pattern. A single Interlevel interconnection Is shown for simplicity, but a typical IC will have many 
such interlevel interconnections. These interlevel interconnections are standard, and techniques for forming the inter- 
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.evawindowsarewe,,^^ 

or RIE The resulting structure is shown .n ^ Vj* ~ e l ™ pnotode ,inable polymer dielectric such as poly- 
Alternatively, Interieve. windows or vlas can be made fl«cti nrtng a p ^ 
imide, or, il polymer material Is used for the Interievel diel ectnc me vw. ^ p0 |ysilicon, is formed 

[0 016 Thegaleieveimetel.usua^^^^ 

late in the sequence of the invention, and may comprise a wiae »f™\* . eliminated in the process 

£ meta. be relativefy refractory ^ or copper. However, the 

of the invention, so the gate matena can ^Tantalum gates covered with TaN or T.N 

art has extensive experience with silicon gates ^ meta| and are especially compatible wrth 

may also be convenient Conducting pofymers are ^J^^^^^o^m^ea^er^e^. 
otherelementsinthestmc^ |nler)eve| dje|6Ctric layer 33 and into 

[0017] The gate meta. layer 37 .s shown^ Rj ^^J^ ^ gate metal layer is then patterned (Fig. 
„e windows that will interconnect selected ^^^JteWnnLd on the gate level and gate 39 is 
13) by lithography to form gate structures 38 ^^ Gate 38 fe m Forsimplicity , th e metal is shown depos- 

Sor^ 

ecologies can be used for forming the interievel ^"^^^ jn Fig . 14 . ^ gate dielectric may be of a 
[0018] The gate dielectric 41 is then formed over the ^mcture as »9 of may be ^ ■ 

Lventiona.ox.de or nitride, or ™ b ^^ 

deposited by r-f magnetron sputtenng. The ^ e 'J™^' |e of such a mate rial that has been used successfully 
that can be formed conveniently by sp.n-on techniques^ example so msuc undert he designation SE-1180. 

L application is pre-imidized poly HK suppHed * ^^££131 a coating wRh a thickness of 
This materia, can be spun on at 4000 RPW and cured at 1 20 C ° « ^ ^ ^ ^ over ^ 

^nfnS^ 
Seagate dk^^ 

aligned to meta. runners 32 in the second ""^^^S^en deposrted over the structure as shown in 
[0020] The interievel plugs and the ; s « u ^^ 

Fig. 16, and metal plugcontact is made to the second level ninnersa J ^ ^ ^ pjg 1? As 

lithographic mask(notshown)^ 

^0^ 

semiconductor. . deve | ope d for TFT devices. Among these are: 

[0022] A wide variety of organic semiconductors have now been oeve. P 

i. perylenetetracarboxylic dianhydride (PTCDA), the imide derivative of 
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PTCDA; 

ii. napthalenetetracarboxylrc dianhydride (NTCDA); 

iii. fluorinated copper pthalocyanine; 

iv. a-sexithiophene; *u» m «*. 

v tetracene or pentacene, or end substrtuted denvafves thereof , 

vi oligomers of thiophene with the degree of oligomenzation 

^ 4 and ^ 8, linked via the 2- and 5-carbons; 

vii alternating co-oligomers of thienylene and vinylen ej wrth 

Lphenes as terminal groups and 3-6 thiophene nngs, l.nked 
via their 2- and 5-carbons; 

viii linear dimers and trimers of benzo[1 . 2-b: 4, 5-bl dith.ophene; 
i oligomers of v. and vi. with substituents (e.g., alky, ^strtuents 

with 1-20 carbons) on the 4- or5-carbon of the end thiophenes, 
x. regloregular poty(thiophene)s. 
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[0023] Both p- and n-type materials are contained in this fist and can be combined as needed for complementary 
ICs. In the development of this invention the material for the p-channel TFT devices was a-sexithiophene, and the 
material for the n-channel devices was copper hexadecafluorophthalocyanine (F 16 CuPc). 
[0024] If necessary, the device can be sealed using a passfvating layer 71 as shown in Fig. 19. 

5 [0025] The source and drain electrode material according to the invention is a layered structure comprising nickel 
and gold layers, preferably formed over TiN x . A device structure, with multilayer source/drain contacts according to the 
invention, Is shown schematically in Fig. 20. Substrate 81 has gate electrode 82 formed on the surface and gate 
dielectric 83 formed over the gate electrode. The organic semiconductor 84 in this embodiment is a blanket layer over 
the gate dielectric and source and drain electrodes. The source and drain electrodes comprise TiN x base 85, nickel 

10 layer 86, and gold layer 87. The TiN x layer may be formed by conventional deposition, e.g. reactive sputtering. The 
thickness of the source and drain contacts, as well as the thickness of the organic semiconductor layer 84 Is relatively 
unimportant since the field effect occurs at the interface between layers 83 and 84. A thickness in the range 30-100 
nm is suitable for these layers. The TiN x layer may be patterned by conventional photolithography, i.e. coating the TiN x 
layer with a photoresist, exposing the photoresist to actinic radiation to produce a photomask in the pattern of the 

is source and drain electrodes, etching the TiN x layer to produce a source/drain electrode layer, and removing the pho- 
tomask typically by ashing in a nitrogen plasma. The surface of the TiN x base layer is also cleaned by exposure to a 
plasma. The conventional cleaning plasma contains oxygen. It is important that the plasma for the cleaning operation 
in this process be substantially oxygen free. Formation of "n0 2 or a titanium oxynitride, which occurs on exposure of 
TlN x to an oxygen-containing plasma, Is not compatible with subsequent processing. Plasma cleaning in a nitrogen 

20 plasma is therefore preferred. After cleaning, the TiN x is sensitized with a catalyst, preferably a palladium salt, such 
as PdCI 2 , in HCI. PdS0 4 , or other suitable Pd compound may also be used. The sensitized TiN x base layer is then 
plated using electroless nickel. A suitable nickel plating operation is given in the following example. 

EXAMPLE I 

25 

[0026] A sensitizer solution Is prepared by heating a 0.02N HCI solution to 50°C and adding. PdCI 2 (99.9%), while 
stirring, to produce a 6g/L solution. The solution is filtered through a 0.2 u,m nylon filter. The TiN x patterned substrates, 
after cleaning in a nitrogen plasma, are immersed in the sensitizer solution for 5 minutes at ambient temperature, 
followed by rinsing in deionized water. The activated TiN x is then plated by immersion of the substrate in the electroless 
30 plating solution for 30 s at 86 °C. 

[0027] Electroless nickel processing is well developed and widely used in industry. Deposition is typically performed 
in an acid phosphorus bath which produces a deposit with high conductivity, excellent uniformity, high hardness, and 
good adhesion to overplated materials. Electroless plating baths are characterized by the presence of a chemical 
reducing agent, usually alkali hypophosphite, and most commonly sodium hypophosphite, NaH 2 P0 2 . Alternative choic- 
es es for reducing agents are sodium borohydride and dimethylamine-borane [(CH 3 ) 2 NHBH 3 ] which deposits a Ni-B alloy. 
An effective nickel electroless plating solution, which deposits as a NiP alloy, is Type 4024 available from Fidelity 
Chemical Products Corp. Another effective electroless nickel plating solution which deposits as a NiP alloy is given in 
the following table. 



TABLE 1 



Nickel sulfate (for NH*) 


28 g/L 


Sodium acetate (buffer) 


17g/L 


Sodium hypophosphite (reducing agent) 


24 g/L 


Lead acetate (stabilizer) 


0.001 5 g/L 


pH 


4.4-4.6 


Temperature 


82-88 °C 



[0028] The thickness of the electroless nickel layer for this application is preferably in the range 0.2-1 .0 um 
so [00291 The top layer of the multilayer contact is formed by displacement gold plating. Displacement plating is char- 
acterized by the absence of a reducing agent in the bath. The plating mechanism is by electro-kinetic displacement of 
gold for nickel in the surface layer of the nickel layer. It is facilitated by the surface porosity of the nickel, producing an 
upper gold layer with a thickness that is essentially self-limiting, and a lower gold-Ni intermetallic layer with a thickness 
which grows with time. 

55 [0030] A suitable displacement plating bath for the gold layer is 8.40% potassium aurocyanide in 36.45% ammonia, 
and is available from Technic, Inc. as OROMERSE N. A suitable procedure is given in the following example. 
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EXAMPLE II 



rooan OMERSE N displacement gold solution Is placed In a glass container. The pH of the solution is adjusted to 

I fJSS!SZ while the substrates being p.ated are immersed. The goid layer plates at approbate* 0.005 - 
n 0075 nm /min A laver thickness of 0.01 - 0.1 jim is suitable for the invention. 

0032] ^d^ produced in accordance wHh the invention show vastly improved aging charactenst.es over de- 
Ses with eict^es termed by conventional techniques. This was demonstrated by aging ^"mente and the data 
121 n Fte 21 and 22 In Fig. 21 the oscillation period is plotted as a function of time. F,g. 22 gn.es data correlating 
SlS 

a sen litCg layer dinSy to the dielectric surface. A recommended sensitizing layer is carbon contaming surta e 
Ltal^S as Pd Particulate carbon, containing particulate Pd, in a suitable binder or ,nk earner can be applied 

raOMI The TFT structure described and produced by the foregoing sequence of steps is but one form of TFT to 
K theTnllSo cTbe applied. An alternate b a conventional MOS transistor structure in wh.c the organ* 
sSon^rr7the substrate the source and drain electrodes are applied to the organic ^ n ^f ubstrate ' 
the Tate dielectric is termed on the organic semiconductor substrate, and then the gate electrode is formed. 
0035? T££ a^eZhre translate? structure for TFT devices is a modftied form of J-FET w,th n^e and p-type 
avers together forming a p-n junction. A gate controls the pinch-off of the channel between source and dra n. 
0036] As indfcated earner, the features in the figures are not necessary to scale. The dimens.ons of the act™ 
delis 1 e. the TFTs, can be made very small using fine line techniques. In particular, *e 
SnSi nm or less. At these small dimensions a single polymer chain, or a few organic molecules ^ the sou«e- 
to d^n dfeTance With such an IC technology, ft is possible to achieve extremely high integration densit.es. The mo- 
Scu^na^^ 
L"d i s o ^ 

e g power and ground interconnections, may be signftbantly larger than those ^pear 

r0037] The process sequence shown above for making the CMOS inverter c.rcurt has three metal levels. partly to 
sholthepotential of the process for making more complex circufts.lt will be ^en.lolhosesy^ ^ * 
simple inverter of Fig. 1 can be made wfth two levels of interconnect if the n- and p-dev,ces are properly arranged for 

Sectlss pS m£* a Nl alloy, preferably an al.oy of phosphorus. Reference to nickel layers herein, and In 
the appended claims, is intended to refer to this form of nickel. - . , h 

[00391 Various additional modifications of this invention will occur to those skilled In the art All deviahonsfrom the 
specl teachings of this specification that basical.y re.y on the principles and .heir equate the art 
has been advanced are property considered within the scope of the invention as described and Canned. 

Claims 

1 . A method for manufacturing an integrated circuit thin film transistor device comprising: 

a. >eparing a substrate, said substrate comprising an organic semiconductor material 

b. forming a pluralrty of field effect thin film transistors on said substrate said plurality of thin film field effect 
transistors made by the steps comprising: 

1 . forming a source electrode on said substrate, 

2. forming a drain electrode on said substrate and spaced from said source electrode leaving a channel 
location therebetween, 

3. depositing a dielectric layer covering both said source electrode and said drain electrode, and 

4. forming a gate electrode overlying said channel location, 
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the invention characterized in that the source and drain electrodes are formed by the steps of: 
I. forming a patterned conductive base layer to define the area of the source and drain electrodes, 

ii. depositing a layer of nickel on said patterned conductive base layer by electroless plating, and 

iii. depositing a layer of gold on said layer of nickel by displacement plating. 

2. The method of claim 1 wherein the base layer is 71 N x . 

3. A method for the manufacture of an Integrated circuit thin film transistor device comprising the steps of: 

a. depositing an electrically conductive layer on an insulating substrate, 

b. lithographically patterning said electrically conductive layer to form an interconnect circuit. 
C. depositing an insulating layer over said interconnect circuit, 

d. forming a plurality of thin film field effect transistors on said insulating layer, said plurality of thin film field 
effect transistors made by the steps of: 

1 . forming a field effect transistor gate, 

2. forming a gate dielectric layer over said field effect transistor gate, 

3. forming spaced apart source and drain electrodes, and 

4. forming an organic semiconductor layer between said source and drain electrodes, 

e. interconnecting said field effect transistor gate to said interconnect circuit, 

the invention characterized in that the source and drain electrodes are formed by the steps of: 

I. forming a patterned conductive base layer to define the area of the source and drain electrodes, 

ii. depositing a layer comprising nickel on said patterned conductive base layer by electroless plating, arid 

iii. depositing a layer of gold on said layer of nickel by displacement plating. 

4. The method of claim 3 wherein the conductive base layer is TiN x . 

5. A method for the manufacture of an Integrated circuit thin film transistor device comprising forming a plurality of 
thin film field effect transistors on an insulating layer, said plurality of thin film field effect transistors comprising a 
source electrode, a drain electrode, a gate electrode, and an organic semiconductor active layer, said source and 
drain electrodes made by the steps of: 

a. forming a patterned conductive base layer to define the area of the source and drain electrodes, 

b. depositing a layer comprising nickel on said patterned conductive base layer by electroless plating, and 

c. depositing a layer of gold on said layer of nickel by displacement plating. 

6. A method for the manufacture of an integrated circuit thin film transistor device comprising forming a plurality of 
thin film field effect transistors on an insulating layer, said plurality of thin film field effect transistors comprising a 
source electrode, a drain electrode, a gate electrode, and an organic semiconductor active layer, said source and 
drain electrodes made by the steps of: 

a. depositing a TiN x layer, 
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b. coating said 71N X layer with a photoresist, 

c. exposing said photoresist to actinic radiation to produce a photomask in the pattern of said source and drain 
electrodes, 

d. etching said 7!N X layer to produce a source and drain electrode layer, 

e. removing said photomask, 

f. cleaning said source and drain electrode layer by exposing said layer to an essentially oxygen-free plasma, 

g. depositing a layer comprising nickel on said patterned conductive base layer by eiectroless plating, and 

h. depositing a layer of gold on said layer of nickel by displacement plating. 
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FIG. 1 
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FIG. 3 
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FIG. 12 
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FIG. 17 
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FIG. 19 
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FIG. 21 
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run time (hours) 



100 



FIG. 22 




1 10 
run time (hours) 
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